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(57)Abstract: 

PURPOSE: To provide an atmospheric plasma generator as well as 
an atmospheric plasma generation method, having the capability of 
generating a homogeneous glow discharge under the application of 
extremely small power even when such gases as air, nitrogen and 
oxygen are used, and ensuring high energy efficiency as well as 
high reaction efficiency. 

CONSTITUTION: This atmospheric plasma generator has an 
electrode pair 1 formed out of an electrode 1a connected to an AC 
power supply 5 and an earth electrode 1b, and AC electrical field is 
applied across the pair 1 in the presence of gases to generate a 
glow discharge plasma under the atmospheric pressure. Regarding 
the generator so formed, the gap of the electrode pair 1 is filled 
with particle type materials 4 made of a conductor covered with an 
insulator all around. In this case, the conductor 4 is metal and the 
insulator is an inorganic dielectric substance. Also, the electrode 
pair 1 is a metallic net. Furthermore, AC electrical field is applied 
across the pair 1 in the presence of gases, using the generator, 
thereby generating a glow discharge plasma under the atmospheric 
pressure. Also, the gases are mainly composed of the air. 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] AC power supply (electrode pair (1 which consists of the electrode (la) connected with 5) and an 
earth electrode (lb)) is prepared. Under existence of gas In the atmospheric pressure plasma generator which 
impresses alternating current electric field between said electrode pair (1), and is made to generate the glow 
discharge plasma under atmospheric pressure The atmospheric pressure plasma generator characterized by 
being filled up with the granule (4) which covered and formed the insulator (3) all over the conductor (2) 
between said electrode pair (1). 

[Claim 2] The atmospheric pressure plasma generator according to claim 1 characterized by for said conductor 
(2) being a metal and an insulator (3) being an inorganic dielectric. 

[Claim 3] The atmospheric pressure plasma generator according to claim 1 or 2 characterized by said electrode 
pair (1) being a metal network. 

[Claim 4] The atmospheric pressure plasma generating approach characterized by impressing alternating current 
electric field between said electrode pair (1), and generating the glow discharge plasma under atmospheric 
pressure under existence of gas using an atmospheric pressure plasma plasma generator according to claim 1 to 
3. 

[Claim 5] The atmospheric pressure plasma generating approach according to claim 4 characterized by said gas 
using air as a principal component. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the atmospheric pressure plasma generating approach using the 
atmospheric pressure plasma generator which can be made to generate the glow discharge stabilized also in air 
under atmospheric pressure, and its equipment. 
[0002] 

[Description of the Prior Art] Conventionally, many methods of generating discharge under atmospheric 
pressure are developed. For example, corona treatment equipment, the ozonizer by silent discharge and creeping 
discharge, etc. are mentioned. If the sharp discharge electrode and a smooth electrode are opposed and direct- 
current high tension is applied, gaseous local dielectric breakdown will happen, and corona discharge will be 
generated when a gas plasma-izes. This is a streamer-like and is in the condition in which the part with very 
high current density and the part which discharge has not produced were intermingled in the gas. Moreover, if 
an electrode is formed in an inorganic substance front face and the interior, such as a ceramic, and alternating 
current electric field are impressed, discharge occurs on a ceramic front face, and creeping discharge is very 
partial discharge. Although the method of generating the glow discharge which is uniform discharge under 
atmospheric pressure was also developed in recent years as indicated by JP,63-50478,A, there was a fault that 
expensive gas, such as helium and an argon, was required. Moreover, there was a method of generating glow 
discharge, such as air and nitrogen, by the device of an electrode as indicated by JP,5-1 55605 ,A or JP,6- 
1 19995, A, and discharge space was very small and there was a problem also in stabilization of discharge. 
Moreover, although the method of generating strong partial discharge by filling up wire gauze-like inter- 
electrode with a dielectric ceramic, and impressing alternating current electric field was also reported, there was 
a problem of needing very high applied voltage, for the need of being filled up with an inorganic substance. 
[0003] 

[Problem(s) to be Solved by the Invention] Even if it uses gas, such as air, and nitrogen, oxygen, the place 
which this invention was made in view of the aforementioned data, and is make into the object can generate 
homogeneous glow discharge with very small impression power, and is to offer the atmospheric pressure 
plasma generating approach using the atmospheric pressure plasma generator excellent in energy efficiency and 
reaction effectiveness, and its equipment. 
[0004] 

[Means for Solving the Problem] The atmospheric pressure plasma generator concerning claim 1 of this 
invention 1 is prepared, the electrode pair which consists of electrode la connected with AC power supply 5, 
and earth electrode lb — under existence of gas It is characterized by impressing alternating current electric 
field between said electrode pair 1 , and being filled up with the granule 4 which covered and formed the 
insulator 3 all over the conductor 2 between said electrode pair 1 in the atmospheric pressure plasma generator 
made to generate the glow discharge plasma under atmospheric pressure. 

[0005] The atmospheric pressure plasma generator concerning claim 2 of this invention is characterized by for 
said conductor 2 being a metal and an insulator 3 being an inorganic dielectric. 

[0006] The atmospheric pressure plasma generator concerning claim 3 of this invention is characterized by said 
electrode pair 1 being a metal network. 

[0007] The atmospheric pressure plasma generating approach concerning claim 4 of this invention is 
characterized by impressing alternating current electric field between said electrode pair 1 , and generating the 
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glow discharge plasma undei^^fcspheric pressure under existence of g^^^ng an atmospheric pressure plasma 
plasma generator according t^Saim 1 to 3. 

[0008] The atmospheric pressure plasma generating approach concerning claim 5 of this invention is 

characterized by said gas using air as a principal component. 

[0009] 

[Function] The atmospheric pressure plasma generator concerning claim 1 of this invention 1 is prepared, the 
electrode pair which consists of electrode la connected with AC power supply 5, and earth electrode lb — under 
existence of gas Since it is filled up with the granule 4 which covered and formed the insulator 3 all over the 
conductor 2 between said electrode pair 1 in the atmospheric pressure plasma generator which impresses 
alternating current electric field between said electrode pair 1, and is made to generate the glow discharge 
plasma under atmospheric pressure An electrode with the small conductor 2 in a granule 4 is constituted, and an 
insulator 3 constitutes the dielectric barrier, and gas plasma-izes by the so-called dielectric barrier discharge in 
the gap of a granule 4 and a granule 4. Since the gap of this granule 4 is small, even if it is gas with the large 
breakdown voltage of oxygen, nitrogen, etc., with very small impression power, homogeneous glow discharge 
can be generated and-izing can be carried out [ plasma ]. 

[0010] Since said conductor 2 is a metal and an insulator 3 is an inorganic dielectric, the atmospheric pressure 
plasma generator concerning claim 2 of this invention is excellent in endurance and thermal resistance. 
[001 1] since said electrode pair 1 is a metal network as for the atmospheric pressure plasma generator 
concerning claim 3 of this invention — gas — an electrode pair — 1 can be passed. 

[0012] Since the atmospheric pressure plasma generating approach concerning claim 4 of this invention 
impresses alternating current electric field between said electrode pair 1 under existence of gas and generates 
the glow discharge plasma under atmospheric pressure using an atmospheric pressure plasma plasma generator 
according to claim 1 to 3, gas plasma-izes it in the gap of a granule 4 and a granule 4. 
[0013] Since said gas uses air as a principal component and ozone is generated, when the impurity gas of a 
minute amount exists in air, as for the atmospheric pressure plasma generating approach concerning claim 5 of 
this invention, this impurity gas is decomposed. 
[0014] 

[Example] This invention is explained based on the drawing concerning an example below. 

[0015] Drawing 1 (a) and drawing 1 (b) are the schematic diagrams of one example of the atmospheric pressure 

plasma generator concerning this invention. 

[0016] the electrode pair which consists of electrode la connected with AC power supply 5, and earth electrode 
lb as the atmospheric pressure plasma generator concerning this invention is shown in drawing 1 (a) and 
drawing 1 (b) - 1 is prepared, alternating current electric field are impressed between said electrode pair 1 
under existence of gas, and the glow discharge plasma is generated under atmospheric pressure, for example, 
various kinds of surface treatment, ozone generating, flue gas treatment, etc. can be performed. It is filled up 
with the granule 4 which covered and formed the insulator 3 all over the conductor 2 between said electrode 
pair 1 as shown in drawing 2 (a). As said conductor 2, although a metal or carbon, such as stainless steel, 
copper, brass, aluminum, iron, a tungsten, nickel, and a tantalum, etc. is mentioned, when you need endurance 
and thermal resistance, the metal is excellent, moreover — as an insulator 3 — the organic substance, such as 
nylon, polyester, polyimide, Teflon, Pori Sail John, and epoxy, or an inorganic substance — although all can be 
used, when you need endurance and thermal resistance, inorganic dielectrics, such as glass, ceramics, and an 
enamel, are excellent. Although not limited especially as an approach of covering an insulator 3 all over a 
conductor 2, coating of a spraying process and a sol gel solution and heat hardening, and when using a 
refractory metal, the calcinating method etc. is mentioned further, for example. Moreover, in covering an 
organic material as an insulator 3 all over a conductor 2, it covers organic materials, such as resin, with heat 
hardening around a conductor 2. Between a conductor 2 and an insulator 3, it is desirable to make it stick that 
there is no gap as possible in order to gather discharge effectiveness. As said granule 4 is shown in drawing 2 
(b), two or more conductors 2 may exist in the interior of an insulator 3. That is, the conductor 2 may be 
distributed in the insulator 3. As magnitude of a granule 4, although it changes with applications, generally it is 
dozens of mm order from 0.1 mm. a configuration — a globular shape, corniform, or an indeterminate 
configuration — any are sufficient and it is not limited. Moreover, coat thickness changes with a granule and 
coat approaches. 
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[0017] the electrode pair whii 




isists of electrode 1 a and earth electr< 




— the ingredient of 1 has 



desirable metaled plate or metaled metal network. In the case of a metal network, it changes with classes of gas, 
but what consisted of metal thin lines of an about 0.01 -0.5mm size is desirable. As construction material of this 
metal network, stainless steel, copper, brass, aluminum, iron, a tungsten, nickel, a tantalum, etc. are illustrated, 
as the weave of this metal network — plain weave, twill, and a tatami — various kinds of approaches, such as 
textile, are employable. 

[0018] The homogeneous glow discharge plasma occurs between granules 4 under atmospheric pressure by 
installing said electrode la and earth electrode lb in abbreviation parallel, being filled up with said granule 4, 
and impressing alternating current electric field between said electrode pair 1 under existence of gas. The device 
of this glow discharge plasma generating is considered as follows. That is, an electrode with the small 
conductor 2 in a granule 4 is constituted, and an insulator 3 constitutes the dielectric barrier, and gas plasma- 
izes by the so-called dielectric barrier discharge in granule 4 gap. Since the gap of a granule 4 is small, even if it 
is gas with the large breakdown voltage of oxygen, nitrogen, etc., it can be made to generate with very small 
impression power, and-izing of the homogeneous glow discharge can be carried out [ plasma ]. Therefore, it can 
discharge also with air. Moreover, the gas with the small breakdown voltage of hydrogen, an argon, helium, etc. 
can carry out [ plasma ]-izing with a natural thing. Although an electrode spacing and electrode size can be 
taken to arbitration since said granule 4 constitutes the small dielectric barrier as mentioned above, discharge 
sustaining voltage becomes high according to size. 

[0019] An alternating current frequency required for discharge can be used in the range of a RF (MHz) from 
50Hz commercial frequency. This approach can be used for various kinds of processings. For example, as 
surface preparation, if a processed material is installed in the lower stream of a river of plasma space, it will 
remain without the gas radical-ized in the plasma still disappearing, and it will act on a processed material front 
face, and the so-called low-temperature plasma treatment can be performed. Moreover, ozone is generated when 
gas is air, and air passes through discharge space. According to the atmospheric pressure plasma generating 
approach concerning this invention, since discharge space is large, compared with a conventional method, 
generating effectiveness becomes large. Moreover, these offensive odor components can be decomposed and 
defanged by passing the gas containing offensive odor components, such as ammonia and a hydrogen sulfide. 
Since this has uniform discharge, compared with a conventional method, decomposition effectiveness becomes 
high. 

[0020] An example of the approach of using the atmospheric pressure plasma generator of this invention for 
below, and generating the atmospheric pressure plasma is given. 

[0021] (Example 1) the electrode pair of the parallel plate which consists of electrode la made from stainless 
steel connected with AC power supply 5, and earth electrode lb in the atmospheric pressure plasma generator 
shown in drawing 1 (a) — 1 was installed at intervals of 3cm. Said space of electrode pair 1 was filled up with 
the granule 4 which formed the alumina in the surroundings of a copper grain object with a diameter of 3mm by 
the thickness of 100 micrometers by thermal spraying. The electrical potential difference of 60Hz and 5kV was 
impressed to these ends of electrode pair 1 , dry air (79% of nitrogen, 21% of oxygen) was circulated by the 101. 
flow rate for /to said space, and the plasma was generated. The high density polyethylene film was installed in 
the lower stream of a river (not shown) of plasma space for 1 minute. When lamination of the high density 
polyethylene film which performed this plasma treatment was carried out to the aluminum plate through the 
epoxy adhesive and bond strength (shearing stress trial) was measured, to the bond strength of a plasma 
unsettled article being 500psi(s), the bond strength of a plasma treatment article is 2800psi, and bond strength of 
a plasma treatment article improved greatly compared with the plasma unsettled article. 

[0022] (Example 2) the electrode pair which consists the stainless steel wire gauze of 325 meshes of electrode 
la and earth electrode lb in the atmospheric pressure plasma generator shown in drawing 1 (b) by 0.035mm of 
wire sizes connected with AC power supply 5 — it used as 1 , dry air (79% of nitrogen, 21% of oxygen) was fed, 
the electrical potential difference of 60Hz and 5kV was impressed, and the plasma was generated. The ozone 
generation energy efficiency at this time was investigated. As a result of measuring a current potential property 
with an oscilloscope, creating a Lissajous's figure and investigating spark discharge energy, it has checked that 
effectiveness improved about 35% compared with the generation energy efficiency of the ozone by the 
conventional silent discharge. 

[0023] (Example 3) In the example 2, the dry air (79% of nitrogen, 21% of oxygen) containing 100 ppm of 
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ammonia gas was circulated ^fee 101. flow rate for /to plasma space. T^^ectrical potential difference of 
60Hz and 5kV was impressed^^his, and the plasma was generated. As a result of a gas detector's analyzing the 
concentration of outlet gas, ammonia concentration decreased to 5 ppm. 

[0024] In addition, in the example 1 thru/or the example 3, it was not that in which the granule 4 covered and 
formed the insulator 3 all over the conductor 2, and when the granule 4 formed only with the insulator 3 was 
used, even if it impressed the electrical potential difference of 60Hz and 1 5kV, of course in 60Hz and 5kV, the 
plasma did not occur. 
[0025] 

[Effect of the Invention] Since according to the atmospheric pressure plasma generator concerning claim 1 of 
this invention homogeneous glow discharge can be generated with very small impression power even if it is gas 
with large breakdown voltage, such as oxygen, nitrogen, or air, the glow discharge stabilized also in air can be 
generated under atmospheric pressure, and the atmospheric pressure plasma excellent in energy efficiency and 
reaction effectiveness can be generated. 

[0026] Since according to the atmospheric pressure plasma generator concerning claim 2 of this invention said 
conductor 2 is a metal and an insulator 3 is an inorganic dielectric, in addition to the above, it excels in 
endurance and thermal resistance. 

[0027] since atmospheric pressure plasma generator **** concerning claim 3 of this invention and said 
electrode pair 1 are metal networks — gas — an electrode pair — since 1 can be passed, it excels in energy 
efficiency and reaction effectiveness further. 

[0028] According to the atmospheric pressure plasma generating approach concerning claim 4 of this invention, 
an atmospheric pressure plasma plasma generator according to claim 1 to 3 is used. Under existence of gas 
Since alternating current electric field are impressed between said electrode pair 1 and the glow discharge 
plasma is generated under atmospheric pressure Since gas plasma-izes in the gap of a granule 4 and a granule 4 
and homogeneous glow discharge can be generated with very small impression power, the glow discharge 
stabilized also in air can be generated under atmospheric pressure, and it excels in energy efficiency and 
reaction effectiveness. 

[0029] Since ozone is generated according to the atmospheric pressure plasma generating approach concerning 
claim 5 of this invention, the generation energy efficiency of ozone improves and the impurity gas in air is 
decomposed, pollutants, such as exhaust gas, can be purified. 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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(54) ATMOSPHERIC PLASMA GENERATOR AND ATMOSPHERIC PLASMA GENERATION 
METHOD USING THE GENERATOR 

(57)Abstract: 

PURPOSE: To provide an atmospheric plasma generator 
as well as an atmospheric plasma generation method, 
having the capability of generating a homogeneous glow 
discharge under the application of extremely small power 
even when such gases as air, nitrogen and oxygen are 
used, and ensuring high energy efficiency as well as high 
reaction efficiency. 3 
CONSTITUTION: This atmospheric plasma generator has 
an electrode pair 1 formed out of an electrode la 
connected to an AC power supply 5 and an earth 
electrode lb, and AC electrical field is applied across 
the pair 1 in the presence of gases to generate a glow 
discharge plasma under the atmospheric pressure. 
Regarding the generator so formed, the gap of the 
electrode pair 1 is filled with particle type materials 4 
made of a conductor covered with an insulator all 
around. In this case, the conductor 4 is metal and the 
insulator is an inorganic dielectric substance. Also, the 
electrode pair 1 is a metallic net. Furthermore, AC 

electrical field is applied across the pair 1 in the presence of gases, using the generator, 
thereby generating a glow discharge plasma under the atmospheric pressure. Also, the gases 
are mainly composed of the air. 
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[0018] ffiE«S 1 a t^fl 1 b <h ZmW-'rtlZ 
KBU J&Etttt#4«l»LT, ^XC0#^TT> ffi 
E«a»llBlc2fls««J|L*HJjta"r<5::tK:J:D, *«be 
TT, &ft#4f H 1f:W^D-M^7X-7^Mt 

Aenso -r&fe^, e«flc4 4 > o»«#2^/h$^a 

B«a/£U «flH*3ama*StU7*«J&U 

^fe9>sB«#ny 7ttBic«fc osw 4 misnrtfxtf 
ftyn-tt«*a«)T/h$ViH3jpa*T5B^$-&Sii t 
a>/J>$^#X«a«S©dt«:^6>^7X-7fl:T^S. n 

a> a> o i:stEatt# 4 j&t/h $ v>sta#/\- u 7 £«is-r 

ttJ****, 4S[««l»«JEtt1i--rXfcJSi;TS<^:-5. 

[0019] &B£&Ktt£flMttRtt 5 0 H z Sffl^ 
ttfta^6XMtt (MHz) Ol51TffiiTf5. 

ftsaoflaicsiffl-r^cit^Hi**, «ah 

31tLT> y^X-7^MOTiftt^lS«l31ft*R«-rS 

y7Xv*T^^*;Mkbfc*X3&«s«:iB«u^Vi 
^»«*«tB**. ^fx^stoa^^n, saw 

aSSH*«*SV>fc». tt*tti:Jt^T**a*3»«**< 
&*. Sfc* 7> J En7 J «»atfls**ftifO»JtflE»ft« 

jmwu «8ftffi*s. -cntetta#^—T?»sfc*, 

[0 0 2 0] «Tfc*«9!«)*«JEy^XT«flfe*a* 
^^T^S;jEX7Xv$r^-rs^ffiO-09^^frfSo 
[0 0 2 1] (*8fiWl) 0 1 (a) JC^T^^JEX^ 

«I»H&3cmOIBHTRiLfc. Ig3mm0!)«8 
#O*t>0JC7;PS±€r»«-^J:0 1 0 0/zmtf)JP^T 




(4) 



»s« (^^7 9%, mm 2 1%) *«nBfflMKi ou 

7>fJl/A*l»|IJKilfc. ^^X^^^Lfc 
H5SS# U U > 7 4 )V A ->g«»J Zfr IT 

5 0 0 p s i TfcSOKlSLT, ^X^ffiSiBOS* 10 
2 8 0 0 ps iT&fK ^^X^fflSfiitt; 

[0 0 2 2] (MMM2) mi (b) fc*-r*»fiE^7 

0. 0 3 5mmT'3 2 5 ^ y v'3.CD^7 L >U'X^jffl*« 
Si aiSiiil b<fc^6ric*««*H iltfflK 
S£«£m (£SI7 9 %> S*2 1%) 6 OH 

[0 0 2 3] (jtJB«3> JiM|g«2fc:^ViT, 7>^X 
7^*100ppmMLfc««ajS 
**2U) ^X^Xv^ratCll OUy h^/»ORl 
TSSii^itfe. :ni:6 0Hz, 5 K VOSjE^RPSDL 

T#*rbfcil3*, 7>tx7l^5ppm^tS'>L 

fco 30 

[0 0 2 4] **«17SS*lli«3K:*^T, Jfi 

4 2 0£ffifc*fiSH* 3 ^SIlTMUc 
««*3 0*T»IEfiUfctt«flc4tffl^ 
fc«-&fcte, 60Hz, 5KWfcht>?>/uCDZh. 6 
0Hz, 15KV0fE^TOlt^ ^5XT#»4 

[0 0 2 5] 
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T £ % 4 $ it * d £ *t 7f * £> o 
[0 0 2 6] *^0jCOm*^2tC^^^mffiX^X^% 
flte*«tt2*t&J>T»9. «»#3 

[0 0 2 7] *569B©«*3H3K:ff-5*ftffiy7Xv» 
[0 0 2 8] *»WflD«*3il4K:«-**ftfl£^9Xv» 
ETT^n-M^^Xv^M^t^O^ S«#4 

[0 0 2 9] **WOHI*«5fc:«-5*«;jE7 r 7X , 758 

[01] *»9!©*lS«R:«**«ffi^7Xv«4«« 
<0«lfcR9iBIT*0, (a) tt««#<0#»j&<&JB<&¥ 
*-C»ft*«flEy5Xv»4*«©»»«HH» (b) 
tt««»©«»3j«A«lHTf***«JE^5Xv*4*« 

[02] ^^(osijififfiifcas^scjE^^xv^^fia 

fcj|6a»*««LT^J«Lfc&«#OBfffiH, (b) 12 

1 na** 

1 a ma 

1 b si^sa 

2 

3 

4 

5 ^«im^ 



